Syntaxin 1, synaptobrevins or vesicle-associated membrane proteins, and the synaptosome-associated protein of 25 kDa (SNAP-25) are key molecules involved in the docking and fusion of synaptic vesicles with the presynaptic membrane. We report here the molecular, cell biological, and biochemical characterization of a 32-kDa protein homologous to both SNAP-25 (20% amino acid sequence identity) and the recently identified SNAP-23 (19% amino acid sequence identity). Northern blot analysis shows that the mRNA for this protein is widely expressed. Polyclonal antibodies against this protein detect a 32-kDa protein present in both cytosol and membrane fractions. The membranebound form of this protein is revealed to be primarily localized to the Golgi apparatus by indirect immunofluorescence microscopy, a finding that is further established by electron microscopy immunogold labeling showing that this protein is present in tubular-vesicular structures of the Golgi apparatus. Biochemical characterizations establish that this protein behaves like a SNAP receptor and is thus named Golgi SNARE of 32 kDa (GS32). GS32 in the Golgi extract is preferentially retained by the immobilized GST-syntaxin 6 fusion protein. The coimmunoprecipitation of syntaxin 6 but not syntaxin 5 or GS28 from the Golgi extract by antibodies against GS32 further sustains the preferential interaction of GS32 with Golgi syntaxin 6.
INTRODUCTION
Soluble N-ethylmaleimide-sensitive factor (NSF) and soluble NSF attachment proteins (SNAPs) play a central role along the secretory pathway and in other trafficking events (Graham and Emr, 1991; Pryer et al., 1992; Rothman, 1994; Rothman and Wieland, 1996; Whiteheart and Kubalek, 1995; Schekman and Orci, 1996) . The action of SNAPs and NSF is mediated by SNAP receptors (SNAREs) on the membrane (Rothman, 1994; Whiteheart and Kubalek, 1995) . The SNARE hypothesis is proposed to account for the specificity of vesicle transport and predicts that specific interaction between vesicle-associated SNAREs with the cognate SNAREs (t-SNAREs) on the target membrane (Rothman, 1994; Whiteheart and Kubalek, 1995) is central for vesicle docking onto and fusion with the correct target membrane. Synaptobrevin or vesicle-associated membrane proteins (VAMP 1) are vesicle-associated SNAREs associated with synaptic vesicles, whereas syntaxin 1 and the synaptosomeassociated protein of 25 kDa (SNAP-25) are t-SNAREs associated with the presynaptic membrane. The specific interaction of synaptobrevin or VAMP 1 with a complex of syntaxin 1 and SNAP-25 is involved in the docking and fusion of synaptic vesicles with the presynaptic membrane (Sö llner et al., 1993; Ferro-Novick and Jahn, 1994; Rothman, 1994; Rothman and Warren, 1994; Scheller, 1995; Sü dhof, 1995; Weber et al., 1998) .
In addition to involvement in synaptic vesicle docking and fusion, syntaxin-like proteins have also been implicated in transport events that occur on the plasma membrane and in intracellular organelles. In yeast, Sso1p and Sso2p are involved in the docking and fusion of Golgi-derived vesicles with the plasma membrane (Aalto et al., 1993) , whereas Sed5p is involved in the ER-Golgi transport (Hardwick and Pelham, 1992) . Ufe1p participates in retrograde transport from the Golgi back to the ER (Lewis and Pelham, 1996) , and Pep12 and Vam3p are involved in the transport from the late Golgi to the vacuolar system (Becherer et al., 1996; Darsow et al., 1998; Odorizzi et al., 1998; Sato et al., 1998) . Recently, two other syntaxin-like yeast proteins (Tlg1p and Tlg2p) have been shown to be involved in the endosomal pathway (Holthuis et al., 1998) . Several syntaxins have been identified in mammalian cells, possibly up to 14 distinct syntaxins Tang et al., 1998) . Although syntaxin 1 participates specifically in synaptic vesicle docking and fusion and regulated exocytosis (Bennett et al., 1993; Sö llner et al., 1993; Scheller, 1995; Sü dhof, 1995) , syntaxins 2, 3, and 4 may be involved in docking and/or fusion on the plasma membrane (Bennett et al., 1992 (Bennett et al., , 1993 Gaisano et al., 1996; Low et al., 1996; Peng et al., 1997) . Syntaxins 5 and 6 are two Golgi-associated syntaxins (Bennett et al., 1993; Banfield et al., 1994; Bock et al., 1996) . Syntaxin 5 is the mammalian counterpart of Sed5p and is involved in the ER-Golgi transport and possibly in the intra-Golgi transport (Bennett et al., 1993; Dascher et al., 1994; Fernandez and Warren, 1998 ). The precise role played by syntaxin 6 still remains to be established, but it is known to be associated with the transGolgi Hay et al., 1997) .
Similarly, synaptobrevin 1-or VAMP 1-like proteins have been shown to participate in diverse transport events, and up to eight different synaptobrevins or VAMPs may exist in mammalian cells . Cellubrevin is ubiquitously expressed and may participate in trafficking events in the endocytotic pathway (McMahon et al., 1993; Galli et al., 1994) . TI-VAMP, another ubiquitously expressed VAMP, is implicated in exocytotic processes at the apical plasma membrane of epithelial cells (Galli et al., 1998) . VAMP 4 and VAMP 5 are likely to be enriched in the Golgi and the cell surface, respectively (Advani et al., 1998; Zeng et al., 1998) . Endobrevin has recently been identified and is enriched in the early endosome (Wong et al., 1998b) . Distantly related synaptobrevinor VAMP-like proteins, such as Bet1p, Sec22p, and Bos1p and their mammalian counterparts, are involved in the ER-Golgi transport (Newman et al., 1990 (Newman et al., , 1992 Dascher et al., 1991; Ossig et al., 1991; Shim et al., 1991; Lian and Ferro-Novick, 1993; Sö gaard et al., 1994; Xu et al., 1997; Zhang et al., 1997) , whereas another synaptobrevin-or VAMP-like protein, Sft1p, is implicated in the intra-Golgi retrograde transport (Banfield et al., 1995) . Ykt6p, a synaptobrevin-or VAMP-like protein, is associated with the Golgi system and may be involved in the ER-Golgi and/or the intra-Golgi transport (Sö gaard et al., 1994; Lupashin et al., 1997; McNew et al., 1997) In contrast to syntaxin-like and synaptobrevin-or VAMP-like proteins, SNAP-25-like proteins are implicated to date only in trafficking events on the plasma membrane. SNAP-25 is involved mainly in the synaptic vesicle docking and/or fusion and in regulated exocytosis (Trimble et al., 1988; Elferink et al., 1989; Oyler et al., 1989; Sü dhof et al., 1989; Bark and Wilson, 1994; Bock et al., 1996) , whereas SNAP-23 has been proposed to be a ubiquitously expressed counterpart of SNAP-25 and is associated with the plasma membrane (Ravichandran et al., 1996; Araki et al., 1997; Wong et al., 1997) . Sec9p, a SNAP-25-like yeast protein, has been shown to participate in the docking and/or fusion of Golgi-derived vesicles with the plasma membrane (Brennwald et al., 1994) . Except for syntaxin 6 and 10 that have some homologies to SNAP-25 at the C-terminal coiled-coil domain (Bock et al., 1996) , no other SNAP-25-like proteins have yet been shown to be associated with any intracellular organelles or to participate in other trafficking events. Even in the case of syntaxin 6 and 10, despite their amino acid sequence homology with SNAP-25, it displays structural characteristics very similar to the members of the syntaxin family, with two potential coiled-coil regions and a C-terminal membrane-anchored domain (Bock et al., 1996) . These observations raised the possibility that, unlike syntaxin-like and synaptobrevin-or VAMP-like proteins, SNAP-25-like proteins may be restricted to the docking and/or fusion events on the plasma membrane but not that in intracellular organelles (Weimbs et al., 1998) .
In this manuscript, we have molecularly characterized a Golgi SNARE of 32 kDa (GS32) that is significantly related to SNAP-25 and SNAP-23. Furthermore, we show that GS32 is specifically associated with the Golgi apparatus by indirect immunofluorescence microscopy as well as by electron microscopy (EM) immunogold labeling. Phylogenetics analysis based on conserved coiled-coil domains classifies GS32 in the same group as SNAP-23, SNAP-25, and Sec9p but segregates GS32 away from the syntaxins. We demonstrate here that GS32 behaves like a SNARE and preferentially interacts with syntaxin 6.
MATERIALS AND METHODS

Materials
All cell lines were obtained from the American Type Culture Collection (Rockville, MD). Synthetic oligonucleotides were purchased from Oligos Etc (Wilsonville, OR). Antibodies against RhoGDI and EEA1 were obtained from Santa Cruz (Santa Cruz, CA) and Transduction Laboratories (Lexington, KY), respectively. Antibody against rat transferrin receptor (anti-rat CD71) was purchased from PharMingen (San Diego, CA). The rat brain ZAP cDNA library and Pyrococcus furiosus DNA polymerase were from Stratagene (La Jolla, CA). The rat mRNA multiple tissues Northern filter was purchased S.H. Wong et al. from Clontech (Palo Alto, CA). The oligolabeling kit and glutathione Sepharose 4B beads were from Pharmacia (Uppsala, Sweden). Fluorescein isothiocyanate-conjugated goat anti-mouse immunoglobulin (IgG) and rhodamine-conjugated goat anti-rabbit IgG were purchased from Boehringer Mannheim (Indianapolis, IN). Brefeldin A (BFA) was from Epicentre Technologies (Madison, WI).
cDNA Cloning and Sequencing
A human expressed-sequence tag (EST) clone (accession number, R51970) encoding an open reading frame that is homologous to SNAP-25 was revealed during database searches using the BLAST program. Two oligonucleotides, primer 1 (5Ј-GGGAATTCTAAA-GATCGACAGCAACCTAGATG) and primer 2 (5Ј-GGGTCTA-GATCAGAGTTGTCGAACTTTTCTTTCTG), were used to polymerase chain react a 196-bp DNA fragment from this EST clone, which was 32 P-labeled and used to screen a rat brain ZAP cDNA library as described (Lowe et al., 1996) . One full-length clone with an insert size of ϳ1.5 kb was sequenced.
Northern Blot Analysis
The DNA sequence coding for the full-length protein produced by polymerase chain reaction (PCR) using primers 3 (5Ј-CGGGATC-CATGTCTGGCTATCCTAAAAGC) and 4 (5Ј-TCCCCCGGGCTA-GAGTTGCCGCACCTT) was used as a probe and hybridized to a rat mRNA multiple tissues Northern filter blot of poly(A)ϩ mRNA.
Expression and Purification of Recombinant Proteins
For GS32 expression as a HisX6-tagged protein, the PCR product using primers 3 and 4 was digested with BamHI and SmaI restriction enzymes, ligated into the pQE30 vector (Qiagen, Hilden, Germany), and transformed into the Escherichia coli M15[pREP4] strain. For HisX6-tagged syntaxin 6, the PCR product derived from primers A (5Ј-GCTCTCCATGGAGGACCCCTTCTTTGTAGTG-3Ј) and B (5Ј-CTCTGGATCCGCGCCGATCACTGGTCATGTGAGA-3Ј), encoding for the cytoplasmic domain of syntaxin 6, was inserted into the NcoI and BamHI sites of the pQE60 vector (Qiagen) and then transformed into E. coli M15[pREP4] . Recombinant protein was produced and purified as described previously (Subramaniam et al., 1996) . For the preparation of GST fusion proteins of syntaxins 3, 4, 5, and 6 (the entire cytoplasmic domain of the syntaxins was fused to the C-terminus of GST), PCR products from primers 5 (5Ј-GGGAAT-TCTAATGAAGGACCGACTGG) and 6 (5Ј-GGCTCTAGATCATT-TCTTTCGAGCCTGACCCTG) (for syntaxin 3), primers 7 (5Ј-GG-GAATTCTAATGCGCGACAGGACCCATG) and 8 (5Ј-GGCTC-TAGATCACCTCGCCTTCTTCTGATTCTCTAG) (for syntaxin 4), primers 9 (5Ј-GGGAATTCTAATGTCCTGCCGGGATCGG) and 10 (5Ј-GGCTCTAGATCATTTGACCATGAGCCACCGATTG) (for syntaxin 5), and primers 11 (5Ј-GGGAATTCTAATGTCCATGGAGGA-CCCCTTCTTTG) and 12 (5Ј-GGCTCTAGATCAGCGCCGAT-CACTGGTCATG) (for syntaxin 6) were digested with EcoRI and XbaI and then ligated with the EcoRI/XbaI-digested pGEX-KG vector (Guan and Dixon, 1991) . Ligation mixtures were then transformed into DH5␣ cells and screened for colonies expressing GST fusion proteins as described (Sambrook et al., 1989) . Expression and purification of GST recombinant proteins were performed as described elsewhere (Lowe et al., 1996) .
Preparation and Purification of Polyclonal Antibodies
Rabbits were each injected with 300 g of purified recombinant proteins (GST-syntaxin 5, -HisX6-tagged GS32, and -syntaxin 6) emulsified in complete Freund's adjuvant. Booster injections containing similar amounts of the antigen emulsified in incomplete Freund's adjuvant were administered every 2 wk. Rabbits were bled 10 d after the second and subsequent booster injections. For affinity purification, serum was diluted twice with phosphate-buffered saline (PBS) and incubated with cyanogen bromide-activated Sepharose coupled with the antigen, and specific antibodies were eluted from the beads.
Immunofluorescence Microscopy
Immunofluorescence microscopy was performed as described previously (Subramaniam et al., 1995; Lowe et al., 1996) . For treatment of cells with BFA or nocodazole, normal rat kidney (NRK) cells were incubated with 10 g/ml of either BFA or nocodazole for 60 min at 37°C before being processed for immunofluorescence microscopy. For the treatment of cells with digitonin, epithelial lung cells from rat (L2 cells) on a coverslip (either untreated or treated with BFA or nocodazole) were permeabilized with 25 g/ml of digitonin in PBS containing 1 mM MgCl 2 and 1 mM CaCl 2 for 5 min on ice. The coverslip was then washed five times with ice-cold PBS containing 1 mM MgCl 2 and 1 mM CaCl 2 before being processed for immunofluorescence microscopy.
Immunogold Labeling
Cryosections and EM immunogold double labeling were performed as described previously (Slot et al., 1991; Griffiths, 1993; Griffiths et al., 1994) .
Immunoblot Analysis of Cytosol and Membrane Fractions
NRK cells grown in T-25 flasks were trypsinized and washed twice with DMEM media containing 10% fetal bovine serum. The cell pellet was resuspended in 200 l of PBS and lysed by sonication. Nuclei and unbroken cells were removed by spinning the lysate at 6000 ϫ g for 10 min. The postnuclear supernatant was then centrifuged at 100,000 ϫ g for 30 min to separate the cytosol (supernatant) from the total membrane (pellet). The pellet was then resuspended in 200 l of PBS containing 1% Triton X-100 and was incubated on ice for 1 h. Equal fractions of the supernatant and the pellet were separated by SDS-PAGE and analyzed by immunoblot (Subramaniam et al., 1995; Lowe et al., 1996) .
Preparation of Golgi-enriched Membranes
Preparation and subfractionation of membranes were performed as described previously (Subramaniam et al., 1992; Wong et al., 1998b) . Briefly, livers from Harlan Sprague Dawley (Indianapolis, IN) rats were homogenized in homogenization buffer (25 mM HEPES, pH 7.3, 5 mM MgCl 2 , 1 mM PMSF) containing 0.25 M sucrose and were centrifuged at 10,000 ϫ g for 10 min. The supernatants were then recentrifuged at 100,000 ϫ g for 1 h, and the total membrane pellet was resuspended in a minimal volume of homogenization buffer containing 0.25 M sucrose. The membrane suspension, adjusted to a final concentration of 1.25 M sucrose, was overlaid with step gradients of 10 ml of 1.1 M sucrose, 10 ml of 1.0 M sucrose, and 5.0 ml of 0.5 M sucrose in homogenization buffer and then was centrifuged at 28,000 rpm for 3 h in a Beckman (Fullerton, CA) SW 28 rotor. The Golgi at the 0.5 M/1.0 M sucrose interphase was collected and used for the subsequent experiments.
Treatment of Membranes with Salts and Detergents
Preparation and subfractionation of membranes were performed as described previously (Subramaniam et al., 1992; Wong et al., 1998b) . Golgi membrane (500 g) was extracted on ice for 1 h in 100 l of either PBS, 2 M KCl, 2.5 M urea, 0.15 M sodium bicarbonate (pH 12.0), 1% Triton X-100, or 1% Nonidet P-40 (NP-40) and then was centrifuged at 100,000 ϫ g for 1 h at 4°C. The supernatant was collected, and the pellet was resuspended in 100 l of 1ϫ SDS sample buffer. Equal fractions (20 l) from both the supernatant as well as the pellet were separated by SDS-PAGE and analyzed by immunoblotting.
Protease Protection Analysis using Golgi Membranes
Protease treatment of Golgi membranes was performed as described previously (Subramaniam et al., 1995) . Briefly, Golgi membranes (100 g in 0.25 M sucrose and 25 mM HEPES, pH 7.3) were incubated in the presence or absence of trypsin (2 mg/ml) at 4°C for 1 h. The reactions were stopped by the addition of 2 mM PMSF, separated by SDS-PAGE, and analyzed by immunoblotting.
Formation of 20-S SNARE Complex
This was performed as described Sö llner et al., 1993; Subramaniam et al., 1995) .
In Vitro Binding of Golgi Extract with Immobilized GST-␣-SNAP and GST-Syntaxins
Golgi-enriched membranes (1 mg) were extracted in 500 l of incubation buffer (100 mM KCl, 20 mM HEPES, pH 7.3, 2 mM EDTA, 2 mM DTT, 0.2 mM ATP) containing 1% Triton X-100 and then were diluted with 500 l of incubation buffer without Triton X-100. The extracted proteins were separated from the membrane debris by centrifugation. GST-␣-SNAP and GST-retinoblastoma protein (the entire polypeptide of retinoblastoma protein [RB] fused to the Cterminus of glutathione S-transferase protein) fusion proteins immobilized on beads (2 g) were washed twice with incubation buffer containing 0.5% Triton X-100 and then were incubated with increasing amounts of Golgi extracts in a total volume of 100 l at 4°C for 3 h with agitation. Beads were then washed twice with incubation buffer containing 0.5% Triton X-100, once with incubation buffer containing 0.1% Triton X-100, and twice with incubation buffer without Triton X-100. The beads were then processed for immunoblot analysis to detect GS32. For interaction with syntaxins, Golgi extracts were incubated with immobilized GST-syntaxins 3, 4, 5, and 6 (8 g) as described above. GS32 retained by the beads was analyzed by immunoblot.
Immunoprecipitation
GS32-and GS28-specific antibody and rabbit IgG (100 g) bound to protein A Sepharose beads (Pharmacia) were each incubated overnight with 500 g of Golgi extracts in incubation buffer (20 mM HEPES, pH 7.2, 100 mM KCl, 1 mM DTT, 10 mM EDTA, 0.2 mM ATP, 1% Triton X-100) at 4°C. Beads were then washed twice in buffer A (identical to incubation buffer except that it contains 0.5% Triton X-100) and twice in buffer B (identical to incubation buffer except that it contains 0.2% Triton X-100) before being resuspended in SDS sample buffer. Immunoprecipitated proteins and 20% of the supernatant were separated on SDS-PAGE and analyzed by immunoblot using antibodies against GS32, syntaxin 5, and syntaxin 6.
RESULTS
GS32, a Protein Related to SNAP-25 and SNAP-23
A human EST clone (accession number, R51970) that could encode a protein fragment having amino acid sequence similarity with SNAP-25 was revealed by the BLAST program using the amino acid sequence of SNAP-25 to search the EST database. The PCR product of this EST clone was used to screen a rat brain ZAP The alignment of the GS32 amino acid sequence with that of SNAP-25B, SNAP-23, syntaxin (Syn)6, and syntaxin 10. Amino acid residues shaded gray and black indicate Ͼ40 and 80% similarity, respectively. There exists a region (residues 95-118; double-headed horizontal arrow) in the primary sequence of GS32 that is only homologous to SNAP-25 and SNAP-23 but not to syntaxins.
S.H. Wong et al. cDNA library. Several clones were isolated and partially sequenced, and one full-length clone was completely sequenced. The nucleotide and the deduced amino acid sequences of GS32 are shown in Figure 1A . The BLAST search of the National Center for Biotechnology Information's NR protein Database and Beauty using the full-length GS32 amino acid sequence as the query retrieved SNAP-25A, SNAP-25B, SNAP-23, and syndet as well as Sec9 at the high score range. Figure  1B shows that the deduced 257-amino acid sequence of GS32 is ϳ20, 19, 9, and 10% identical to SNAP-25B, SNAP-23, syntaxin 6, and syntaxin 10, respectively (Trimble et al., 1988; Elferink et al., 1989; Oyler et al., 1989; Sü dhof et al., 1989; Bark and Wilson, 1994; Bock et al., 1996; Ravichandran et al., 1996; Wong et al., 1997; Tang et al., 1998) . GS32 is related to SNAP-25 evenly throughout the entire protein with an overall similarity of 32%. Furthermore, phylogenetic analysis, based on the conserved coiled-coil domains of GS32 and t-SNAREs such as SNAP-25, SNAP-23, and the syntaxins, shows that GS32 is closely related to the SNAP-23/25 family but segregates away from the syntaxins (Figure 2, A and B) .
GS32 Is Widely Expressed
To understand whether GS32 is involved in a cellular process in a general manner or whether its function is restricted to certain tissues, we performed Northern blot analysis to examine the levels of mRNA in various rat tissues (Figure 3) . A major mRNA species of ϳ3.8 kb was detected and is present at high levels in all the tissues examined, suggesting that it may participate in a general cellular process. Despite the fact that the size of GS32 mRNA is significantly longer than that of the cloned cDNA, the derived amino acid sequence is of full-length because the open reading frame is flanked in-frame with a strong initiation Met codon (Kozak, 1984) at the 5Ј-end and a termination codon at the 3Ј-end. Furthermore, there is an in-frame termination codon upstream from the initiation Met codon at nucleotide position 16.
GS32 Is Detected in Both the Cytosol and Membranes
The amino sequence of GS32 suggests that GS32 could be a soluble protein because of the absence of a putative transmembrane region. To determine this point, we fractionated the postnuclear supernatant of homogenized NRK cells and analyzed equal percentages of the cytosol and membrane fractions on SDS-PAGE. Immunoblot analysis of these fractions with affinitypurified anti-GS32 showed that GS32, having an apparent size of 32 kDa, exists both in the cytosol (ϳ60%) and membrane (ϳ40%) fractions ( Figure 4A) . In an-
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Vol. 10, January 1999other set of experiments, RhoGDI (Boivin and Beliveau, 1995) , a soluble protein that has been shown previously to exist both in the cytosol as well as in the membrane (Marshansky et al., 1996) , is also detected more in the cytosol (70%) as compared with the membrane (30%) fractions ( Figure 4B ). On the other hand, transmembrane proteins GS28 (Subramaniam et al., 1995) and rbet1 are detected only in the membrane fraction (Figure 4, C and D) . Because rbet1 has been implicated as present on vesicles (Newman et al., 1990 (Newman et al., , 1992 Stones et al., 1997; Zhang et al., 1997; Rowe et al., 1998) , its specific detection in the membranes but not in the cytosol fraction clearly excluded the possibility that GS32 detected in the cytosol fraction could be contributed to a certain extent by contamination from unpelleted small vesicles.
GS32 Associates Tightly with Membranes
The enrichment of GS32 in the cytosol fraction and the absence of a hydrophobic membrane anchor domain suggest that GS32 may be a soluble protein that associates with membranes. To determine this point, we extracted the membrane fraction with PBS, 2 M KCl, 2.5 M urea, 0.15 M sodium bicarbonate (pH 12.0), 1% Triton X-100, or 1% NP-40. Figure 5A shows that GS32 is not solubilized in PBS or 2 M KCl, is solubilized partially in 2.5 M urea and 0.15 M sodium bicarbonate (pH 12.0), and is solubilized effectively by 1% Triton X-100 and 1% NP-40. The ability of high pH and urea to partially extract GS32 from membranes shows that GS32 is a soluble protein that associates strongly with membranes. This stable high-affinity association with membranes indicates that GS32 could be interacting with a membrane receptor. To examine further whether GS32 is associated with the membranes on the side facing the cytosol, we performed a proteaseprotecting analysis as described previously (Subramaniam et al., 1995) . The rational for this analysis is that trypsin will digest polypeptides that are exposed only on the cytosolic surface of the Golgi membranes (the association of GS32 with Golgi membranes is demonstrated below), whereas those inside (luminal) are protected. Golgi membranes were either untreated or treated with trypsin and then were analyzed by immunoblotting to detect GS32, GS28, and ␣-2,6-sialyltransferase (ST). As shown in Figure 5B , GS32 could be detected only in untreated Golgi membranes, and its detection was completely abolished after treatment with trypsin. As a control, GS28, a SNARE anchored to the Golgi by its C-terminal membrane anchor (Subramaniam et al., 1995 (Subramaniam et al., , 1996 , was also not detected after treatment with trypsin. On the other hand, ST, with nearly all of its polypeptide (C-terminal) in the luminal side of the Golgi apparatus (Colley et al., 1989; Wong et al., 1992) , was protected from trypsin. However, in the presence of both trypsin and 1% Triton X-100, ST could not be detected (our unpublished observations). Taken together, these results establish that GS32 is associated with the cytoplasmic side of the Golgi membranes.
GS32 Is Localized to the Golgi Apparatus
To investigate the specific membrane with which GS32 is associated, indirect immunofluorescence microscopy was used to examine the cellular localization of GS32. As shown in Figure 6A , panel A, affinity-purified polyclonal antibodies against GS32 clearly labeled the perinuclear Golgi-like region (Louvard et al., 1982) and the cytosol in NRK cells. The labeling by GS32 antibodies is specific because both cytosolic and perinuclear Golgi-like labelings were abolished by preincubating the antibodies with the recombinant GS32 ( Figure 6A , panel B) but not with the recombinant syntaxin 6 (panel C). Figure 6B , panels A and B, shows that the perinuclear labeling of GS32 colocalized well with that of Golgi mannosidase II. Colocalization of GS32 with Golgi mannosidase II could still be seen on punctate structures after treatment of cells with nocodazole ( Figure 6B , panels C and D). In BFA-treated . GS32 is a 32 kDa protein associated with both the cytosol and membrane fractions. The cytosol and total membrane fractions derived from NRK cells were resolved by SDS-PAGE and then processed for immunoblot analysis using antibodies against GS32 (A), RhoGDI (B), GS28 (C), and rbet1 (D).
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Vol. 10, January 1999cells, both GS32 and Golgi mannosidase II are redistributed to the ER-like structures ( Figure 6B , panels E and F), a typical characteristic of protein localized to the Golgi apparatus. The colocalization of the GS32 and Golgi mannosidase II labeling in the nocodazoleand BFA-treated and in untreated cells suggests that GS32 is associated with the Golgi apparatus.
Some fine punctate structures were seen throughout the diffuse cytosolic labeling of GS32 other than its Golgi labeling. These punctate structures could represent local concentrated areas of GS32 in the cytoplasm of intact cells or induced in chemically fixed cells. Alternatively, these structures could represent association of GS32 with vesicular structures of the endosomal pathway. Two independent experiments were performed to distinguish between these two possibilities. First, cells were double labeled with polyclonal antibodies against GS32 and with monoclonal antibodies against markers of the endosomal pathway. As shown in Figure 6C , the fine punctate structures marked by GS32 colocalized neither with the early endosomal structures marked by EEA1 (Mu et al., 1995; Stenmark et al., 1996; Patki et al., 1997) nor with the late endosomal and lysosomal structures marked by LGP96 (Okazaki et al., 1992; Cuervo and Dice, 1996) , suggesting that labeling of these fine punctate structures does not represent endosomal structures.
To distinguish further whether these fine punctate structures are membrane-associated or cytosolic-concentrated areas of GS32, we first selectively permeabilized the plasma membrane with low concentrations of digitonin and followed with a brief washing with a mild buffer such as PBS to remove the cytosolic pool of GS32. The cells were than fixed and processed for indirect immunofluorescence microscopy. As shown in panels A and B of Figure 7 , A and B, when the cytosolic pool of GS32 was first removed by this procedure, GS32 was seen associated only with the Golgi apparatus marked by Golgi mannosidase II. Although it is highly unlikely, it remains a possibility that peripheral proteins associated with the endosomal system are selectively removed by digitonin permeabilization and by PBS washing. To eliminate this possibility, we examined the distribution of early endosomal EEA1 (Mu et al., 1995; Stenmark et al., 1996; Patki et al., 1997) in control cells and in cells that had undergone digitonin permeabilization and PBS washing ( Figure 7A , panels C and D). As shown, distinct punctate and some diffuse cytosolic labeling for EEA1 was observed in control cells ( Figure 7A , panel C). In cells that had undergone digitonin permeabilization and PBS washing, the punctate labeling became more prominent, while the cytosolic labeling was selectively removed ( Figure 7A, panel D) , establishing that the procedure of digitonin permeabilization and PBS washing removes selectively the cytosolic pool of peripheral membrane proteins and has no effect on their association with structures of the endosomal pathway. Taken together, these observations suggest that while the cytosolic pool of GS32 was selectively removed, GS32 is associated only with the Golgi apparatus marked by Golgi mannosidase II.
We next determined the distribution of GS32 in digitonin-permeabilized L2 cells that have been either untreated or pretreated with nocodazole or BFA. As shown in Figure 7B , GS32 (panel A) is colocalized perfectly with Golgi mannosidase II (panel B) in the Golgi apparatus of untreated digitonin-permeabilized L2 cells. Nocodazole treatment that fragments the Golgi apparatus marked by mannosidase II ( Figure  7B , panel D) also caused an effect similar to GS32 (panel C), and GS32 is associated with the fragmentedGolgi structures. BFA treatment redistributes both the GS32 and mannosidase II to the ER-like structures ( Figure 7B , panels E and F). Under the BFA condition, the labeling of GS32 colocalized with that of mannosidase II. Taken together, these results suggest that GS32, in addition to its presence in the cytosol, is associated with the Golgi apparatus.
To support further the conclusion that GS32 is associated with the Golgi apparatus and to define the structures of the Golgi apparatus, EM immunogold Figure 5 . The membrane pool of GS32 is associated stably on the cytosolic side of Golgi membranes. (A) Golgi membranes were extracted with a range of different reagents as indicated and were separated by high-speed centrifugation into pellet (p) and supernatant (s) fractions. Aliquots (100 g of these fractions) were analyzed by SDS-PAGE and immunoblot, and GS32 was detected. (B) Golgi membranes (100 g) were either treated (lane 2) or untreated (lane 1) with trypsin (2 mg/ml) at 4°C for 1 h and were analyzed by SDS-PAGE and immunoblot analysis using antibodies against GS32, GS28, and ST.
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Molecular Biology of the Celllabeling was performed in cryosections of Hela (SA: 48) cells that were stably expressing the human ST tagged on the lumenal side with the P5D4 epitope from the cytoplasmic domain of the vesicular stomatitis virus glycoprotein (Kreis, 1986; Griffiths et al., 1994) . As shown in Figure 8 , A and B, GS32 (arrowheads) is observed on tubular and vesicular profiles of the Golgi apparatus (small arrows). The Golgi cisternae marked by ST contain no GS32 labeling. A recent study has shown that ST is associated mainly with the cisternae of the Golgi apparatus (Lovelock and Lucocq, 1998 ). In addition, GS32 is not detected in the late endosomes and/or lysosomes structure marked by the 15 nm gold particles that were internalized from the cell surface for 30 min ( Figure 8A , large arrow). These results establish that GS32 is associated preferentially with the tubular-vesicular structures of the Golgi apparatus.
GS32 as a Novel Golgi SNARE
From the analysis of the amino acid sequences as well as the phylogenetic analysis of GS32, SNAP-25, SNAP-23, and the syntaxins, we are tempted to suggest that GS32 could be a SNARE and may share similarities with SNAP-25. We then investigated whether GS32 is a new SNARE associated with the Golgi apparatus. As shown in Figure 9 , when Golgi extract was sedimented on a glycerol gradient, GS32 had a sedimentary coefficient of ϳ6 S (Figure 9, top) . When incubated in the presence of recombinant ␣-SNAP and NSF in the buffer that promotes the formation of the 20-S SNARE complex, GS32 was shifted to the 20-S fractions (Figure 9 , middle). This shift did not occur when Golgi extract was incubated with equal amounts of ␣-SNAP and NSF in the buffer that promotes disassembly of the SNARE complex (Figure 9 , bottom). To determine whether GS32 is indeed associated with ␣-SNAP and/or NSF in the 20-S complex (Figure 10 ), we immunoprecipitated 20-S SNARE complex-containing fractions with GS32 antibodies (lanes 1-4) or control rabbit IgG (lanes 5-8). The immunoprecipitates were eluted with either assembly buffer ( Figure  10, lanes 1, 3, 5 , and 7) or disassembly buffer (lanes 2, 4, 6, and 8). The beads (Figure 10, lanes 1, 2, 5 , and 6) and eluates (lanes 3, 4, 7, and 8), together with 100 ng of NSF and ␣-SNAP (lane 9), were processed for immunoblot analysis to detect NSF and ␣-SNAP. Both ␣-SNAP and NSF were coimmunoprecipitated by GS32 antibodies (Figure 10 , lane 1) and could be released from the immunoprecipitate in disassembly conditions (lane 4) but not in assembly conditions (lane 3). GS32 thus exists in an authentic 20-S SNARE complex that contains NSF and ␣-SNAP. Furthermore, when increasing amounts of Golgi extract were incubated with immobilized GST-␣-SNAP, increasing amounts of GS32 were retained by the beads until saturation (Figure 11, top) . Under identical conditions, GS32 was not retained by immobilized GST-RB (the entire polypeptide of retinoblastoma protein fused to the C-terminus of glutathione S-transferase protein) (Figure 11, bottom) . Taken together, these results suggest that GS32 in the Golgi extract can interact specifically with ␣-SNAP and established that GS32 is a SNARE.
Interaction of GS32 with Golgi Syntaxin 6
Because SNAP-25 and SNAP-23 interact with several surface syntaxins, the Golgi association of GS32 indicates that it may also interact with a syntaxin(s) of the Golgi apparatus. Syntaxins 5 and 6 are the only two characterized syntaxins associated with the Golgi apparatus (Bennett et al., 1993; Banfield et al., 1994; Bock et al., 1996 , and thus we proceeded to examine whether GS32 in the Golgi extract could interact with immobilized GST-syntaxin 5 or GST-syntaxin 6. GST-syntaxin 3 and GST-syntaxin 4 were used as controls for surface syntaxins. When Golgi extracts were incubated with immobilized GST-syntaxins 3, 4, 5, and 6, GS32 was preferentially retained by GST-syntaxin 6 (Figure 12 , lane 4), although some GS32 was also retained, to a much lesser extent, by GST-syntaxin 5 (lane 3). We next examined whether GS32 and syntaxin 6 exist in a protein complex in the Golgi extract. Golgi extracts were immunoprecipitated with antibodies against GS32 and GS28 and with control rabbit IgG. Immunoprecipitates were analyzed by immunoblot using antibodies against GS32, syntaxin 5, and syntaxin 6. GS28 is a SNARE that has been demonstrated previously to exist together with syntaxin 5 in a SNARE complex that is required for ER-Golgi transport (Hay et al., 1997; Subramaniam et al., 1997) . As shown in Figure 13 , anti-GS32 antibodies immunoprecipitate both GS32 (A) and syntaxin 6 (C) but not syntaxin 5 (B). On the other hand, anti-GS28 antibodies immunoprecipitate only syntaxin 5 (Figure 13 , B) and not GS32 (A) or syntaxin 6 (C). Neither GS32, syntaxin 5, nor syntaxin 6 could be detected in the immunoprecipitates of the control rabbit IgG. These results, taken together, suggest that GS32 interacts preferentially with a syntaxin 6 -containing complex.
DISCUSSION
Our results suggest that GS32 is a SNAP-25-related SNARE localized to the Golgi apparatus. Like SNAP-25 and SNAP-23, there are two regions of the polypeptide with a high probability of forming coiledcoil domains in GS32 (the N-terminal coiled coil spans amino acid residues 50 -112, and the C-terminal coiled coil spans amino acid residues 195-257). It has been proposed that protein-protein interaction is mediated by coiled-coil domains in vesicle docking and fusion. Therefore, the conserved coiled-coil domains of GS32, SNAP-23, and SNAP-25 as well as the syntaxins were compared and phylogenetically studied. The sequence alignment and phylogenetic analysis clearly establish that GS32 is a SNAP-25/23-related protein but not a member of the syntaxin family. Furthermore, like SNAP-25/23 but unlike the syntaxins, GS32 does not contain a C-terminal hydrophobic membrane anchor. Previously, the existence of a similar EST clone (accession number, AA150357) encoding GS32 was also noticed by . However, they have classified this protein as a member of the syntaxin family and named it syntaxin 9. Our results suggest that the name syntaxin 9 is inappropriate for this protein, and we would like to propose the name GS32 for this protein.
The existence of GS32 in the 20-S SNARE complex suggests that GS32 is a SNARE, and because SNAP-25 is a t-SNARE that is preferentially associated with the target membrane for which the respective docking and fusion events are occurring, it may be reasonable to speculate that GS32 is also a t-SNARE. Distinct from other t-SNAREs, SNAP-25 lacks a C-terminal anchor transmembrane domain (Oyler et al., 1989) . The membrane binding of SNAP-25 requires a posttranslational modification of its cysteine residues near the center of the primary amino acid sequence (Hess et al., 1992; Veit et al., 1996; Gonzalo and Linder, 1998) . However, in the case of GS32, no cysteine residue is present in the primary amino acid sequence. Therefore, the association of GS32 with the Golgi membranes must be by other means. One of the possibilities is that GS32 may bind stably to an integral membrane protein as a receptor. Another possibility is that GS32 interacts with another protein in the cytosol that harbors membranebinding capability and therefore is targeted to the membrane. How the specific association of GS32 with Figure 9 . GS32 could be incorporated into a 20-S SNARE complex with NSF and ␣-SNAP in conditions that promote SNARE complex formation. Golgi extract in assembly buffer (top) and Golgi extract incubated with NSF and ␣-SNAP in assembly buffer (middle) or in disassembly buffer (bottom) were resolved by a glycerol gradient in assembly buffer (top and middle) or disassembly buffer (bottom). Fractions were collected from the bottom of the centrifuge tube (starting at lane 1) and were analyzed by immunoblot to detect GS32. 5-8) . The immunoprecipitates were eluted with assembly buffer (lanes 1, 3, 5, and 7) or disassembly buffer (lanes 2, 4, 6, and 8). The beads (lanes 1, 2, 5, and 6) and eluates (lanes 3, 4, 7, and 8), together with 100 ng of NSF and ␣-SNAP (lane 9), were analyzed by immunoblot to detect NSF and ␣-SNAP. NSF and ␣-SNAP were associated with the beads (lane 1) but not the eluate (lane 3) in assembly buffer. In disassembly buffer, the majority of NSF and ␣-SNAP was released into the eluate (lane 4), with a small portion remaining associated with the beads (lane 2).
Figure 11. GS32 in Golgi extracts can interact with immobilized ␣-SNAP. The indicated amounts (below horizontal arrow) of the Golgi extract were incubated with 2 g of GST-␣-SNAP (top) or GST-RB (bottom) immobilized on beads. After extensive washing, the amounts of GS32 retained were analyzed by immunoblot.
S.H. Wong et al. membranes is regulated remains to be investigated. Phosphorylation could be one way of regulating the specific association of soluble proteins with membranes. This has been shown at least in the case of the vesicle-docking protein p115 (Sohda et al., 1998) . During interphase, two forms of p115 were detected in the cells; the phosphorylated form was detected exclusively in the cytosol, whereas the unphosphorylated form was associated with Golgi membrane. In GS32, there are 26 serine and 8 tyrosine residues present in the primary amino acid sequence, and PROSITES search revealed several potential phosphorylation sites in GS32 (our unpublished observations). Further work is required to test this hypothesis.
Although the functional aspects of GS32 remain to be established, its Golgi association and establishment as a novel SNARE suggest that GS32 may be involved in a docking and/or fusion event of the Golgi apparatus. SNAP-25 and SNAP-23 interact with several surface syntaxins; Golgi association of GS32 suggests that it may interact with syntaxins associated with the Golgi apparatus. By the use of an in vitro interaction assay, it was found that GS32 in the Golgi extract could interact preferentially with Golgi syntaxin 6. Furthermore, coimmunoprecipitation of syntaxin 6 by antibodies against GS32 demonstrates that GS32 and syntaxin 6 exist in a protein complex in the Golgi extract. Syntaxin 6 is a SNARE that localized to the trans-Golgi network (TGN) with significant amino acid sequence homology to syntaxin 3, Pep12, and SNAP-25 (Bock et al., 1996) . In the TGN, syntaxin 6 was found on noncoated and on AP-1-and/or clathrin-coated membranes as well as on clear vesicles in the vicinity of endosomes . Although GS32 is demonstrated here to interact with syntaxin 6 in a syntaxin 6 -containing complex, colocalization between GS32 and syntaxin 6 labeling at the Golgi apparatus is not perfect (our unpublished observations). In addition, under the BFA condition, GS32 was shown to be redistributed to the ER-like structures ( Figures 6B and 7B ), but syntaxin 6 was concentrated at the MTOC (Bock et al., 1996 ; our unpublished observations) consistent with its TGN localization. However, interestingly, some of the syntaxin 6 is also observed to redistribute to the ER-like structures, although to a much lesser extent (our unpublished observations). The redistribution of some of the syntaxin 6 to the ER under the BFA condition indicates that some syntaxin 6 could also be localized to the Golgi apparatus and therefore interact with GS32. Thus, it is likely that syntaxin 6 is present in two different protein complexes (SNARE complex) that are confined to the TGN and Golgi, respectively. Alternatively, other than interacting with syntaxin 6, GS32 Figure 12 . Preferential interaction of GS32 with immobilized GSTsyntaxin 6. (A) Golgi extract (100 g) was incubated with beads coupled with 8 g of GST-syntaxins 3, 4, 5, and 6. After extensive washing, the beads were analyzed by immunoblot to detect the amount of GS32 retained by the beads. (B) One-half of the amount (4 g) of GST-syntaxins 3, 4, 5, and 6 was analyzed by SDS-PAGE and stained with Coomassie blue. Figure 13 . Antibodies against GS32 but not GS28 coimmunoprecipitate syntaxin 6 from Golgi extracts. Golgi extracts were immunoprecipitated with antibodies against GS32, GS28 or with control rabbit IgG. The immunoprecipitates (lanes 1, 2, and 3) and postimmunoprecipitate supernatants (lanes 4, 5, and 6) were resolved by SDS-PAGE and processed for immunoblot to detect GS32 (A), syntaxin 5 (B), and syntaxin 6 (C). As shown, syntaxin 6 but not syntaxin 5 was selectively coimmunoprecipitated by GS32-specific antibodies. Lanes 1-3 show the beads, whereas lanes 4 -6 show 20% of the postimmunoprecipitated supernatants. may also interact with other proteins of the Golgi apparatus that are redistributed to the ER by BFA. Additional studies are needed to test these possibilities.
SNAP-25 has been documented to interact with neuronal members of the syntaxin family (Sö llner et al., 1993; Chapman et al., 1994) . Here, we have demonstrated such an interaction between GS32, a SNAP-25-like protein, and syntaxin 6, although we do not yet know whether this represents a direct binding. During the revision of our manuscript, it has been shown that Vam7p is a SNAP-25-like protein interacting with Vam3p, a vacuolar syntaxin-like protein involved in vacuolar protein trafficking (Sato et al., 1998; Ungermann and Wickner, 1998) . This study, together with our present one, clearly establishes that SNAP-25-like proteins may also function in intracellular trafficking events.
The molecular, cell biological, and biochemical characterization of GS32 and the demonstration of its interaction with syntaxin 6 will provide a novel avenue for studying the functional and mechanistic aspects of these two proteins in the Golgi apparatus.
